A 50-year-old man with liver cirrhosis and esophageal varix for 3 years was diagnosed with hematemesis and treated for a bleeding varix. However, bleeding recurred 11 days later, and he developed drowsiness with left hemiparesis. His left upper and lower extremity muscle strengths based on the manual muscle test at the onset were grade 2/5 and 1/5, respectively. The Babinski sign was positive. His serum ammonia level was elevated to 129.9 μg/dL (normal, 20-80 μg/dL). Magnetic resonance imaging revealed restriction on diffusion and T2-hyperintensities with decreased apparent diffusion coefficient values in the bilateral frontoparietooccipital cortex. The effect was more severe in the right hemisphere and right parietooccipital cortices, which were compatible with hepatic encephalopathy. Although the patient's mental status recovered, significant left-sided weakness and sensory deficit persisted even after 6 months. Diffusion tensor tractography (DTT) performed 3 months post-onset showed decreased volume of the right corticospinal tract. We reported a patient with hepatic encephalopathy involving the corticospinal tract by DTT.
INTRODUCTION
Hepatic encephalopathy (HE), a major complication of liver cirrhosis, requires careful evaluation of clinical symptoms and underlying neurological disorders [1] . Previous studies have described neuropsychiatric characteristics including disturbed consciousness and cognitive impairments, such as memory decline and concentration deficits in HE patients [2] . Some patients with HE have focal neurologic signs, such as hemiparesis, abnormal extra-ocular movements, sensory deficits, and apraxia [3, 4] .
Although the clinical diagnosis of HE requires careful consideration, imaging is becoming a more important tool in detecting microstructural brain abnormalities in HE patients. Magnetic resonance imaging (MRI) including diffusion-weighted imaging (DWI) and diffusion www.e-arm.org tensor tractography (DTT) studies have improved our understanding of basic neuroanatomical and pathophysiological alterations in patients with HE. DWI allows the assessment of intracellular and extracellular water contents in the brain. DTT provides information on water mobility and tissue microstructure and organization by quantitative DTT metrics, i.e., fractional anisotropy (FA) and mean diffusivity [5] . Previous studies using DTT in HE patients focused on the functional connectivity as an important mechanism [6, 7] . Studies on HE by DTT that involve the corticospinal tract (CST) have not been previously reported. We reported the sudden onset of focal neurologic signs in an HE patient that persisted for 6 months, as demonstrated by DTT.
CASE REPORT
A 50-year-old man with a 3-year history of liver cirrhosis and esophageal varix visited the emergency care center of our medical institution. The patient had hematemesis and melena and underwent endoscopic variceal ligation. The patient suffered from variceal bleeding after 11 days and developed drowsiness with left-sided hemiparesis. Manual muscle test based on the Medical Research Council (MRC) scale was performed at the onset, demonstrating grades of 2/5 and 1/5 for left upper and left lower extremities, respectively. Moreover, the Babinski sign was bilaterally positive. The patient had an elevated serum ammonia level (129.9 μg/dL), normal plasma glucose level, and normal renal function. Arterial blood gas analysis revealed normal findings. The patient was afebrile, and his complete blood count was within normal limits. Moreover, computed tomography (CT) angiogram and brain perfusion CT scans at the onset showed no evidence of vascular abnormality (Fig. 1A) . However, diffusion-weighted MRI at the onset revealed suspicious hyperintensity and a decreased apparent diffusion coefficient (ADC) along bilateral frontoparietooccipital cortices (Fig. 1B) . MRI scans performed 3 days after the initial symptoms revealed a marked increase in the extent of the DWI and T2-hyperintensities with decreased ADC in the bilateral frontoparietooccipital cortex; the degree of intensity was higher in the right hemisphere and right parietooccipital cortex ( ; TE=84 ms; TR=16,000 ms; b=800 mm 2 /s; and a slice thickness of 2 mm. Conventional T2 fluid-attenuated inversion recovery images were obtained in addition to the diffusion tensor images. The data were transferred in digital imaging and communications in medicine format. All DTT images were corrected for eddy current-induced image distortions using the FSL software (The FMRIB Analysis Group, Oxford, UK; http://www.fmrib.ox.ac.uk/ fsl). DTT analyses were performed by an experienced rehabilitation medicine physician using the DTI studio (Johns Hopkins Medical Institute, Baltimore, MD, USA; http://cmrm.med.jhmi.edu). For reconstructing the CST, the first region of interest (ROI) was drawn free-hand in the posterior limb of the internal capsule through which the motor fibers descend; the second ROI was drawn in the basis pontis of lower pons using the 'AND' operation. The CST volume was calculated based on the number of the voxels in the reconstructed CST. The number of CST fibers, mean FA, and mean ADC values were calculated for the total tract. The MRI scan of the patient showed atrophy with hyperintensity of the bilateral frontoparietooccipital cortex, of higher intensity in the right parietooccipital cortices with subcortical area. Moreover, the DTT showed decreased volume of the right CST (Fig. 1D) . Compared to the right CST, the left CST showed both decreased number of fibers and FA and an increased ADC value. The number of CST fibers was 2,612/1,060 (right side/left side). The FA and ADC values were 0.6456/0.6206 and 0.6251/0.6124 (right side/left side), respectively. After one month of intensive rehabilitation, the patient showed improvement in motor function; the muscle strength of all the left lower extremity muscles was 3/5 except for the ankle dorsiflexors. The patient was able to walk using a quad cane and a left ankle-foot orthosis at the time of discharge. Three months post-discharge, which was 6 months post-onset, he was readmitted for intensive rehabilitation. Manual muscle test 6 months post-onset revealed left upper extremity and left lower extremity muscle strength grades of 4/5 and 3/5, respectively, except for the ankle dorsiflexor and plantarflexor strengths that were 1/5. The patient was able to walk with a single cane and an ankle-foot orthosis. His daily living performance improved to the mildly dependent level with an improved Modified Barthel Index score of 79 at discharge, as compared to the initial score of 45.
DISCUSSION
An HE diagnosis is routinely based on clinical patient observation; clinicians have to rule out other causes of altered mental status, such as hypoglycemia, mass lesions including subdural hematoma, cerebral abscess, primary central nervous system tumors, and metastatic tumors, seizures, and postictal states, migraine-mimicking stroke, encephalopathies, and other toxic-metabolite conditions [8] . Our patient had elevated serum levels of ammonia (129.9 μg/dL) but exhibited normal hepatic enzyme levels. Hypoglycemia was ruled out, since the glucose level was within normal limits. The patient had no signs of infection, and EEG findings were not indicative of epilepsy after the onset of left-sided hemiparesis. Moreover, CT angiogram and brain perfusion CT scans did not reveal any vascular abnormality. However, diffusion-weighted MRI scans showed an increased intensity and a decreased diffusion coefficient. The T2-weighted MRI scans revealed an increased intensity in the bilateral frontopa-www.e-arm.org rietooccipital cortex; the degree of intensity was higher in the right hemisphere and right parietooccipital cortex. These findings indicated the presence of hyperammonemic HE [9] . The pathogenesis explains the T2-high signal lesions that predominantly involve the hemispheric CST; the increased diffusivity in the hemispheric white matter in HE was brain edema [10] .
The patient's mental status recovered, but there was a persistent left-sided weakness and sensory deficit even after 6 months. The patient was transferred to the department of rehabilitation medicine of our medical institution, and underwent DTT that revealed CST involvement in HE. Recently, according to the reports on DTT and HE, altered brain functional connectivity is an important mechanism in HE. Kale et al. [5] reported that minimal HE patients exhibit impaired microstructural integrity. Recently, some investigators demonstrated abnormal brain networks in patients with HE, such as the defaultmode network, dorsal attention network, visual network, and auditory network by functional MRI and DTT [6, 7] . However, there are no studies regarding HE with CST involvement demonstrated by DTT. The study subject had persistent left-sided weakness and sensory deficit after the resolution of liver dysfunction. Irreversible focal neurologic signs in HE are rare, and to the best of our knowledge, focal neurologic signs due to CST involvement demonstrated by DTT have not been reported.
In conclusion, the study showed the possibility of CST damage despite the absence of major cerebrovascular abnormalities in patients with HE. Therefore, clinicians should also consider DTT as a diagnostic tool to evaluate the microstructural abnormalities in the brain, especially the CST in HE patients.
